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1991-7902/Copyrightª 2015, AssociatioAbstract Background/purpose: General anesthesia is necessary for full mouth rehabilitation
surgery in children. Pediatric patients are susceptible to developing hypothermia during sur-
gery under general anesthesia. This study reports gradually increased body temperature in pe-
diatric patients receiving full mouth rehabilitation surgery.
Materials and methods: Following institutional review board approval, the medical records of
pediatric patients who received full mouth rehabilitation surgery from 2011 through 2012 were
collected. The body temperatures (preoperative, periodic during operation, and postoperative
5 hours and 12 hours) and the maximum differences in temperature change during operation
were recorded.
Results: A total of 34 patients were enrolled in this study. An increase in body temperature was
found. The mean  standard deviation of the difference in temperature change was found to
be 2.50  1.17C. A significant positive correlation was noted (rZ 0.464, PZ 0.006) between
the maximum temperature changes and the operation duration. At 12 hours after operation,
no patients were reported to have a tympanic temperature >37.5C.
Conclusion: Body temperature transiently increased during pediatric full mouth rehabilitation
surgery. The increase in body temperature was associated with operation duration. The etiol-
ogy is uncertain. Continuous body temperature monitoring and the application of both heating
and cooling devices during pediatric full mouth rehabilitation surgery should be mandatory.
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Intraoperative hyperthermia during pediatric dental surgery 373IntroductionFull mouth rehabilitation surgery is an extensive dental
treatment in children. It is performed under general anes-
thesia in an operating room and the operation duration is
usually prolonged. Pediatric patients are susceptible to
developinghypothermiaduring surgerybecauseof their large
body surface area andminimal subcutaneous fat.1 Moreover,
anesthetic drugs may impair thermoregulatory capabilities
and result in a decrease of core temperature.2 Hyperthermia
during pediatric surgery has also been reported.3 In the past,
it was found that body temperature gradually increased in
pediatric patients receiving full mouth rehabilitation surgery
in our hospital. The aim of this retrospective chart review
study is to demonstrate unusual intraoperative hyperthermia
and discuss the possible mechanisms.
Materials and methods
Institutional review board approval was obtained. This
study is a retrospective investigation of pediatric patients
who received full mouth rehabilitation surgery from 2011
through 2012 by one dentist (C.-H. Li). All of the patients
included were free of upper respiratory infection and no
patients were administered atropine. The total number of
medical records included was 37.
All patients received a standard anesthetic protocol.
The operating room temperature was set at approximately
25e26oC. An intravenous line was set up the night before
the operation and patients were administered 0.33%
glucose saline 2e3 mL/kg/h prior to entering the operating
room. After the application of electrocardiogram, pulse
oximetry, and noninvasive blood pressure monitoring,
intravenous thiamylal (3e5 mg/kg) was administered and
nasotracheal intubation was then facilitated by intravenous
succinylcholine 2 mg/kg. Maintenance of anesthesia was
achieved using sevoflurane/isoflurane and cisatracurium
under controlled mechanical ventilation to maintain end-
tidal CO2 levels between 35 mmHg and 40 mmHg. Fenta-
nyl 0.5 mg/kg was given p.r.n. when deeper anesthesia was
needed. Intraoperative fluid balance was achieved by
administering 0.33% glucose saline at 3e5 mL/kg/h. A Foley
catheter was inserted for urine output monitoring; urine
was maintained at >1 mL/kg/h during the operation. A
temperature probe was placed in the axillary region for
continuous temperature monitoring. If the body tempera-
ture was <35oC, forced air warming was applied. When the
body temperature was >36.5oC, forced air warming was
stopped. If the temperature further increased to >37.5oC,
cooling actions, such as cooling forced air (room tempera-
ture) and placing ice packs over the groin region, were
carried out. A diclofenac suppository was administered
rectally when body temperature increased to >38.5oC. A
preventive antibiotic (cefazolin 30 mg/kg) was initially
administered 30 minutes before the operation and read-
ministered every 4 hours. Tracheal extubation was per-
formed after eye opening with spontaneous regular
breathing and the patient was then sent to the post-
anesthesia care unit for postoperative care.
Patient body temperatures (preoperative, periodic dur-
ing operation, and postoperative 5 hours and 12 hours)were recorded. The preoperative and postoperative tem-
peratures were measured using tympanic membrane ther-
mometry. The maximum temperature change during the
operation was also calculated for each patient. Linear
regression and correlation were used to analyze relation-
ships between maximum temperature changes and opera-
tion duration. A P-value < 0.05 was considered significant.
Results
Of the 37 medical records collected, one chart had no body
temperature record, and the axillary temperature during
operation was not measured for two patients. Thus, 34
patients were enrolled in the study (19 boys and 15 girls).
The age (range) was 3.90  1.32 years (2.08e9.00 years).
Preoperative tympanic temperature was 36.37  0.33oC.
Fig. 1 shows the temperature change trends of each patient
during the operation. An increase in body temperature was
demonstrated. The mean  standard deviation of the dif-
ference in temperature change was 2.50  1.17oC. The
operation duration was 514.6  98.7 minutes. Fig. 2 shows
the correlation between the maximum temperature
changes and operation duration. A significant positive cor-
relation was noted (r Z 0.464, P Z 0.006). There was no
correlation between the maximum temperature changes
and the patient’s age (r Z 0.116, P Z 0.514). When the
patients were divided into two groups, 6 years (nZ 4) and
5 years (n Z 30), the maximum temperature changes
showed no significant difference between the two groups
(1.95  0.93oC and 2.57  1.19oC, P Z 0.326). The
maximum temperature changes were not influenced by sex,
2.68  1.21oC in boys (n Z 19) and 2.26  1.02oC in girls
(nZ 15), PZ 0.29. Eleven patients were reported to have
a tympanic temperature >37.5oC 5 hours after their oper-
ation. At 12 hours after the operation, the body tempera-
ture of all patients had returned to normal.
Discussion
In this study a transient body temperature increase was
noted during pediatric full mouth rehabilitation surgery
under general anesthesia. Body temperature increase was
correlated with operation duration. General anesthesia is
sometimes necessary for dental treatment in children,
especially for full mouth rehabilitation surgery. Pediatric
patients can easily develop hypothermia during the opera-
tion due to their high ratio of body surface area over body
weight and an underdeveloped thermoregulatory system.1
In addition, general anesthesia could also impair thermo-
regulatory function.2 Consequently, prevention of hypo-
thermia is always an important issue for pediatric surgery.
Body temperature increases during surgery have also been
reported in pediatric patients receiving cleft palate sur-
gery3; the authors suggest that the hyperthermia could be
due to small exposure of the oral cavity and reduced heat
loss resulting from well-covered heavy drapes (similar to
the current study). However, this reasoning does not suffi-
ciently explain the cause of hyperthermia. In the current
study a thermometer was placed inside the surgical drapes
of pediatric patients receiving full mouth rehabilitation and
no temperature changes were recorded for >3 hours.
Figure 1 Trends of the axillary temperature change of each patient during surgery. A trend of body temperature increase was
demonstrated.
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dehydration, environmental conditions, and malignant hy-
perthermia may contribute to body temperature increases
during surgery. Bacteremia was noted after nasotracheal
intubation and dental manipulation under general anes-
thesia.4,5 This could be prevented by prophylactic antibi-
otic administration.5 In the current study, all patients
received preoperative and regular (every 4 hours) follow-up
injections of antibiotics. Holan et al.6 reported that post-
operative fever was not associated with prophylactic anti-
biotic administration and suggested that bacteremia was
not the cause of postoperative body temperature eleva-
tion. Some drugs frequently used in anesthesia may affectFigure 2 Correlation between the maximum temperature
changes and the duration of operations. A significant positive
correlation was noted (r Z 0.464, P Z 0.006).thermoregulatory function. For instance, atropine in-
creases the threshold for sweating,7 thus hyperthermia may
occur following atropine administration. The patients
included in this study did not take atropine perioperatively.
Dehydration should not be an issue in the current study as
intravenous infusion was started the night before the
operation and continued throughout; in addition an
adequate urine output was maintained. The temperature of
the operating room was approximately 25e26oC and heat-
ing was no longer applied when the body temperature was
>36.5oC. There was no evidence of malignant hyperthermia
in the study patients. Therefore, none of the factors
mentioned above are likely to be responsible for the in-
crease in body temperature of patients taking part in the
current study.
In full mouth rehabilitation operations, frequent teeth
stripping and drilling are necessary. Both stripping and/or
drilling, although simultaneously irrigated with saline, may
increase the temperature of the alveolar bone.8,9 The more
treatment the teeth require, the longer the operation
continues. The results of this study showed that the body
temperature increase is associated with operation dura-
tion. Thus the continual dental manipulation by stripping
and drilling could produce heat and result in body tem-
perature increase. However, this mechanism needs further
investigation.
Enger and Mourino10 found that younger children dis-
played a higher incidence of postoperative fever. Morrow
et al.11 reported that postoperative hyperthermia was more
prevalent in patients aged 5 years following full mouth
rehabilitation surgery. In this study, using linear regression
analysis there was no correlation between age and the
difference in temperature change. Patients were divided
into two groups, 6 years (n Z 4) and 5 years (n Z 30).
Although the older group showed a smaller mean, the
Intraoperative hyperthermia during pediatric dental surgery 375maximum temperature changes were not significantly
different between the two groups. The small sample size of
the older group may affect the results of statistical anal-
ysis. However, according to the results of this study, age
may not contribute to body temperature increase during
full mouth rehabilitation surgery.
In conclusion, body temperature transiently increased
during pediatric full mouth rehabilitation surgery and this
increase in body temperature is associated with operation
duration. The etiology is uncertain and may be multifac-
torial. Continuous body temperature monitoring should be
mandatory for pediatric full mouth rehabilitation surgery.
Both heating and cooling measures should be applied during
surgery. A forced air heating machine which can provide
either warm or cool (room temperature) air is
recommended.
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